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SUMMARY

The balllstic demagnetlsation factors of cylindrical bars are determined for dimension
ratlos D < 10 down to P = 0 and for any susceptibilities 0 < K <®, Rrthermore, the
importance of the balllstic demagnetisation factor for the evaluation of magnetic measuremants
Is discussed in detail.

Rl I e e

I STATEMENT OF THE PROBLEM

In an earlier paper by the author [1]¥, it was shown that by using the demagnetisation
factors of elllpsoids Ne” 1t is possible, both for the llmit case of infinltely high
susceptibility K = and for the susceptibllity K = ), to derive .simple expressions for
the balllstic demagnetisatlon factor in the range p < 10 (D = ratio of length to diameter of

""" The solution was there reduced to the determination of approximation
stralght lines by the method of least squares.

In the following a method s given which leads 1n a different way, but likewlse with
the use of the demagnetisation factor of ellipsolds, to simple derlvations for the two limlit
cases of the ballistic demagnetlsatlon factor in the range 0 £ p < I00. It will also be
shown that physically understandable results are obtalned with the new formulae, .and in
addition sufficlent agreement with experiment ls obr,ained for ratlos of practlcal interest.

Furthermore, for the renge 0 < K- < ® angd p < 10, which previously has not been
considered elther theoretically or experiment,ally, an attempt 18 made to determine the
balllstic demagnetisation factor both by the method of approximation stralght lines and
graphically.

Finally, the paper deals with a critical consideration of the importance of the
balllstic demagnetisation factor for the evaluation of magnetlc measurements.

[I.  GENERAL PRINCIPLES

The premises prevlously made will also be retained for the present investlgations,
l.e. the discussions are based in the first place on the fact that for P = 0, the demagnetisation
factor 1s equal to 47, l.e.

X [Neu]]kO”: [NO § Kgoc:'p:() = 477 . esssee (1)
* For references, see end. '
p=1 ‘

ok K = where u 1s the permeabllity of material. This equatlon 1s a.numerical -

7
equat.f'on. According to t:ne new rules of the Archiv f. Elektrotechn., this
expression as dimension equacion would be

k = MM
4o

where Mo 1s the permeability of vacuum,
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Secondly, the mathematicel assumption is made that the demagnetisation tactor No < Kk <oy With
decreasing dimension ratlos D approaches the 1imit value 4 77 steadily and monotonically, as ls also
the case, furthermore, with the demagr‘}etisam‘on tactor of the ellipsold.

We shall now give the formulae which are necessary for the subéequent discussions,  For
the susceptibility K = O, E. Dussler [2] has developed the relatlonship

2m

N.K=0 = "52"' » p Z 10 sevesse (;2}

The case of infinltely high sﬁsdeptlbility K = Oorhay be i‘éproduced by the following
interpolation formula of the author [3): ,

Moo = 0667, P05, Ny, 10§ P § ED v (3

The formula of Stiblein and Schlechtweg [4] glves the balllstic demagnetisation factor of
evlindrical bars for dimension ratios D 2 10 and susceptibvilities 0 & K@ [sl™:

i~ . C
¥ QL1_ez2+wt4e1.wﬁ-4 —2mt-3-
2 Co

- 4tR+ 8l t4—‘9—iL0tBB vevens (4)

where
1 c ,
. — .-1 = A sessne ‘5)
2pa.nd 5 fip,x)

The demagnetisation ragtors of elllpsoids were determined from the two well-known expressions [6]

, bm p T .
N = —-.—-[ - {p+\/D2— 1) -—1],’ D > 1 coenee |f6)
ell pz_ 1 ‘/nz-———‘"_ 7

and

‘ 4 [ p 1 ]
b - - : < 1 vevess (7
111, THE BALLISTIC DEMAGNETISATION FACTOR OF
CYLINDRICAL BARS FOR DIMENSION RATIOS p $10
AND SUSCEPTIBILITIES 0 ¢ kg @

1. Ne_gtor0gpg 100

For & serles of dimension ratios D between P = 10 and p = 100 we form the quotlents.
Nell/NK = @ (see Table 1)**, plot this ratio linearly against D (Figure 1, curve 1) and extend the
curve passing through these points to the point [D =0, NeZZ/NK= 0= 1]. 1t is now lound that
a function of the form :

y = @21n (1 + bX} + 1 ' sesnee (8)

reproduces this form of curve very well, 1f the values

‘@ = 2B8enad = 0.B4 eveene (9)
are substituted for the constants @ and b, We thus obtaln
¥,
—‘Q.LL = 2.2 1n (1 +0.$4 D} + 1,' O S D S lw XXyl (10)
Ny o 0 . - -
* The deviation of the Ny _ o = values calculated according to equation (3) from the

values according to equation (4) 1s less than 3% as a mean in the D-range glven.

% For Tables, see efid.
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The deviatlon of the individual values Npp)/Ni . ) calculated according to equation (10)
from the quotlents calculated from equations (2) and (6) 1s on the average less than 1% as
follows from Table 1 for P = 10 to p = I00. Equatlon (10) now affords us the possidllity
of determining the magnitude ‘VPZZ/V 0 between D= 0 and p = 10 and hence also the

‘ demagnenlsation factor ¥ In this range.

For N _ ( We have from equatlon (10}:

N - ell . 0 sp g 10 eveens (11
“=0 " o @ (i+omin+q’ 0 5P S )

The curves 2 and 3 in Flgure 1 show the varlation of the function & ”/N 0= f(p) tor
0$Pg10ana0¢Dg L. Table 2 also gives for the same ranges the demagpetiaaclon factors
’VK o and [N/4 'rr]K ( c8leulated according to equatlon {11). :

20 NK__.mePngglmo

Similarly, the demagnstisation factor Ny _ o In the limits 0 <P < 100 can be
determined from the quotlent ¥, _ o ¥ -

It for O £ P § 100 vhe megnitude N, _ of Ny _ O (see Table 3) 1s plotted linearly
agalnst the dimenslion ratlo P (Figure 2, curve 1), this curve also can be represented by a
function of the form (8) with suitable cholce of the constants 2 and b, In this case, the

magnitudes @ and b have the values
a = 2.35ang b = 0-137. XYY TS (12)

For N¢ _ ol L o Wwe then have from (8) and (12)

¥ .
K2 ® o 2851 (1+ 0,137 D) + 1 ceenss (13)
Ves0

and hence

Veaow = Neopl2351n (14 o.1_37_fp)]+ Lo

A

D < I0. (14)

By transformation in conjunction with equation (11) we finally have
25510 (1+ 0,17 + 1
b = y 0 < < sensee (15
Kew = Yol 3o n (1402 ¢ 1 O SP D (15

As will be seen from Table 3, the mean devlations of the values Ny _ of My - = O calculated
according to (13) fram the values calculated by division of ’V =0 and NK 0 according to
equatlons (2) and (3) are agaln less than 1% In the range 10< D £ 100. Table 4 gives the
demagnetisation factors N _ o and [W4 7 _ o caloulated from equation (15) for
1gpsl0anda01<pgl, ‘Curves 2 and 3 In Figure.2, similar to Figure 1, represent
the varlation of the function Ne o of ¥ - o= f(p) tor aimension rattos P < [0 ana p < L.

3. Ve o 7 tor 05 p g 100

In addition to the 1limit cases &, = ( and IVK o 2lready mentioned, a simple derivation
0f the demagietisatlon factor in the 1imits O §Ps 100 vased on the principle of the
approximation method 1s also possible fot' the case of che suaceptlbllltyK 1.

It, for 10 € p € 100 we form the quotlent Ny N _ 7 by aiviston of the ¥, values
1 K=z ®

calculated fram equatlon (3) and the ¥, = ] Vvalues (cf. Table 5) determined from equation (4)
or graphically and plot thls expression linearly agalnst D (Figure % curve 1), 1t is then
‘Dossible by the method of least squares to draw a line, fram which the points (.) do not
deviate by more than 2% as a mean.
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If the stralght line 1s extended beyond P = 10, we see that the point [p=0f
Ne . of¥ic_ 1= 1] also lies on this stralght line. The quotlent B - ofNi = 1 In the range
0 € D < 100 can thus be represented by the following expression™

¥
K= = 0'0485D+1 . sevans (16)
NK=1

Substituting the value of ¥, _  from equation (16), we find the following expression for N, . 1

.Z + 2035 in (1 + 0.137 D}
N = N ; < £
k=1 = Vel G omd )  dlooks e gy 0§ P LoD

Curve 2 in Filgure 3 reproduces on an enlarged scale the form of equation (16) in the range
0$Dg£10. Table 6 shows the demagnetisation factors calculated by means of equation (17) for
a serles of P values between P = O and p = 10,

4o N1<K§10f0rO§D§10o

For determining the ballistic demagnetisation factor Ny ¢ x ¢ 0 In the range D < 10 1¢
was first of all necessary to calculate or determine graphically a niimber of N values for
susceptibilities between x= I and K = 10 and dimension ratios P > 10 according to expression (4).
Table 7 glves the demagnetisation factors for five different D and X values, as well as the
quottents Ny _ of Vi formed with Ny _ o (ct. Table 3. It these quotlents — for dimension ratlos
I0< p < 5) - are plotted linearly as a function of D, we obtain the family of curves shown in
Flgire 4, We now ask how do these curves run in the range P < 10,  In accordance with the
expression (1) established at the commencement, the magnitudes Ny _ of ¥, for D= 0 must aproach
unit value. We can, therefore, prolong the curves of constant suscepﬁlblllty K beyond the point
D=10 to p=0. It now remalns to explain the problem of the curve form in the region p < IO
Since, as will be seen, the curvature of the curves aiways becomes smaller with diminishing D,
both relatively to each otler and also absolutely, 1t afpears permissible to draw the X curves as
a firat approximation between D = 0 and P = 10 as stralght lines.

Figure & gives the tunctlon Ny _ of Be = f(D) 1n the range 0 <D < 10 tor alfferent
susceptibdilitles [1.5 € x < 10] on an enlarged scale. All the stralght lines satisty the simple
relationship

N, .
He® = C.p+1 ssress (18)
L
* The aproximation method will dbe briefly glven here:. We start frym the equatlon of the

straight line

¥y = f(x) = u+uix.

It 18 necessary so to determine X and U that

(yl—um1)2+(y2—u—w2)2f...+ (Yp=Uu-1G) = mintmm

g (y-u-w? = nintmun.

Differentiation gives:

or briefly

<
according to 2 ({y~u-w) = O according to Uz

Zx(y—u—vx) = 0,
or because here Zu = U
“‘"I
Zy—u. n-v X = Odexr/—uZx-vae

From these equations we flnd:
.‘>:x>:>cy—zyz>c2ancl SXZy-nsxy
(Zx)2-nzx? (Ex)2~nsx?

]
o

In our case ¥ =1, so that only the constant U has to be calculatede For U we find the
value U = 0,0485,
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where C 1s & function of the susceptibility. The form of this function for I $x £ 10 1s

shown by Flgure 8. Equation (18) In comblnation with Figure 6 thus provides us with the
following expressions for ¥ for the present five cases of susceptibllity:

b = _WNL‘:‘” o )

K=1.5 ° 008p+1

N e N"LU.L,
. =2 0.019 D + 1

: - _

i . K=® ‘

K= 3 0.012+ 1 > trenes (.19)
‘ N = ‘_VK__E._QO

K=o 0.006+1"°

NK:: [2¢] '
we Yo " G

Using equation (15) we have, 1f at the same time we write

1+ 2,31 (1+ 0,137 D)

: (AN X NN} (w)
1+ 2281 (1+0.28p) 0

z L 0 )

k=16 % oogpa " "

N
N 1
. K= 2 0.019p + 1 0

N ‘
= .___._.e..l_l_‘y- 4 “seese (21)
V= s ooz ? .

____‘A_/@l_l__,r)
0O0¥Kp+1 ~

NK= 8

e 0
0.0045 D + 1

and V-0

where all the derivatlons apply only for 0 £ P £ 10

In the range I < K¢ 10 and 0 € P € 10 we obtain the following general expression to
represent the demagnetlsation factor S

IJ.Z(KglO = (’:':'e—ll)'lj_.z'g . ) ) cosnve (2}

It is here assumed as axlomatlc that the assumption of .the rectllinear form of the
function AVK - oo/NK = f(D), made for the derivation of the equatlon system (19), may also be
applied to K values between K = 1 and K = 1.5, sinee, as was shown above, Ny, of Ny o 1 = F(D)
1s 1likewlse rectillinear,

If the solutlon of the equatlion system (21) 1is performed numerically for different D
and X values, we obtain the ¥ or #/4 7 values shown in Table 8.

Se "V0<“.‘C<1 1'01"0§ D.§10.

Since m the course 0f the subsequent investigations, 1t was found that the calculation

method was not successful, the demagnetisation factor My ¢ <6 in the range 0 § P < 10 was
determined graphically. 'For this purpose, the curves for K.=

(13) and (18) are also shown in Flgure 4, in addition to the N curves discussed above. If
-how In Figure 4 we draw a number of sectlons parallel to the absclissae axis, we obtaln for
0 <k < the curves shown 1n Figure 7, in whlch"che'susceptlbill,;y K has been plotted as a
function of P for different quotlents ¥, _ co/Nn' This method of representation now enables
us to determine the demagnetisation factors in.a very simple way, as wlll be shown briefly
with reference to two exampless :
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(a) We requiré the ballistic demagnetisation factor of a cylindrical bar of the dimension
ratlo P = & for the susceptidbility & = (0,5

From Figure 7 we obtain for D= & and K = 0.5 the value ¥ _ /¥, . 05 = 168 Lees
¥ea 05 = Ve m of 1.8, Fron Table 4 or equation (15) the magnitude of Ni¢ o @ for the present
'y 3
case With P = 8 1s found to ve Ny , o = 0.2, thus N , = 0.26/1.8 = 015

{b) We require to know the value of Ve . 0.1 fOr the dimension ratio D = P

For the known values, Figure 7 gives us

¥ :
k=@ oM Lo .
Beson = BE o Neaon = T 0

with ¥y . o= 17D (according to Table 4 or equation (15)) we finally have

‘IV'K, Ol = 1.70/1.$ = 1.25.

The arplication of this method to a number of D and X values Zives the demagnetisation
factors shown in Table .

For p> 10, the graphical method is unmnecessary, since in this case, the demagnetisation
factors can be found from equation (4) of StBblein jand Schlechtweg.

V. __DISCUSSION :OF THE RESULTS

In addition to a detalled discusslon of the demagnetlisation factors of cylindrical bars
in the reglon P < 10, the present statements are intended to show the progress of the theoretical
investigations carried out in Section III over the writer's previous calculations.

For this purpose, we first of all consider the two Limit cases

NK::O and NKU(D

The writer's previous congiderations led to the following expressions for / k= 0 80¢ Ny o on the
basis of the approximation stralght llnes determined by the method of least squares:

N
ell .
Veeo = 508, BB 1 ¢<pg 10 canvee (23
and ‘viam = 1.%- ﬁ)'zsstKzo; 1 g p s 109 , seeese (24}
or represented as quotients: ' ' s
N .
_..e_l_l._ ™ 2.03 lp'sj'g . ssrnan (25)
NK: [e]
i .
ang . K=2 L 1,29 P83 corens ()
NK: o]

Table 10 now campares the percentage deviations of the quotlents Nell/NK= o #d
K, . aﬂV = o Obtalned by the earller and present approximation methods from the ratio values
calculated directly from equations {2}, (3) and (6)» The comparison shows that the new formulae,
glven here agaln :

X,
N, = ell <y soeee
=0 " B 1somip i’ 0§D S0 e (2D

and NK:@ = NK:O’ [2;3511’1 (1+0~1$D) ‘*1]; 0 S D s 100 o-.nn‘ (14)

wlth their small percentage deviations, i.e. higher relative accuracy are to be preferred to the
expressions (23) and (24). :

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030024-0



Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030024-0
- -

It should also be bo ne 1n mind that an increase in the & deviatlion towards
diminishing D values [tar p< 70] no longer occurs in-the new approximation method, which
likewlse allows one to ¢onclude that there 1s a greater accuracy of the N values for
p < 10. In additlon to thls advantage, there 1s a further Improvement in the now poasible
caleulation of the demagnetisation factors Ny, o and ¥y o for the rangs 0P <1 Te
relationghips (11) and (14) In addition to the same simple structure have also greater
possibilitles of practicel application than the earller equations (23) and (24).

With regard to the questlon of the abéolute accuracy of the expresslons derived,
above all In the case P < L0, 1t 1s not possible at the moment to make a definlte statement,
since satlsfactory experimental lnvestlgations of an extenslve nature have not yet been made
in this region [7] (see In this connection also Sectlon V).

A further advantage resldes in the extenslon of the problem to demagnetisation factors
for susceptibilities 0'< K < and dimension ratios O $ P $ 10,  Attempts have already been
made to express the demagnetisatlon factor in the shape ot formulae on the basls of
mathematlcal conslderations, As was shown, it 1s possible to express the ballistic
demagnetisation factors Ny _ 7 and ¥; ¢ x < 70 888 functlon of the dimenslon ratlo D and the
demagnetisation factor of ellipsoids, but it should be remembered that the accuracy of the
¥1 « k¢ jp values 1s relatively less then that of the values Ny _ o and ¥, ; on account of
the simplifications introduced in setting up the equations. The same applies to the graphlcally
determined demagnetisation factors Ny ¢ x ¢ 2o

Flgures 8a, 8b and 9 show the demagnetlsation factor graphically as a function of the
dimension ratlo P or the susceptiblility X In 8a and 8b, the demagnetisatlion factors of
ellipsolds have also. been plotted for comparlson. With diminishing P, all the curves
approach the limlit value 477 We see that in the region P < 10, .the demagnetisation factors
for susceptibllitles K> 10 are practically equivalent to the NK= o Values. For this reason
the theoretical determination of N values for K> [0 and p € 10 is unnecessary. The area
bounded by the ¥, _ , and ¥ _ o curves, therefore, for P = 0 to 10 1s only filled by curve
families of the susceptibllities O < K< I0.  As follows from Figure 9, the demagnetisatlon
factor diminighes with diminishing susceptibility for each dimenslon ratlo D, this diminution
being greater, the greater 1s . !

_COMPARISON BETWEEN THEORY AND EXPERIMENT

A comparison will be made between theory and experiment on the basls of the paper by
M,M. Tschetwerikowa [8]. Thls writer, by means of magnetisation curves, determined
ballistically the demagnetisation factor of speclmens of different shapes, including also
cylindrical speclmens‘ o'r chromium, tungsten and cobalt steel with dimension ratios
0.3< P25 The real fleld was determined by measurements on a ring, made of the same
material as the experlmental bar. As 1s well known, this method of measurement is not '
entirely free from objection, since the properties of the ring and the bar may be quite
different, being two qulte different specimens. In this connection, the author of the
paper polnts out that in her case any lack of homogenelty of the material could not greatly
affect the results of the measurements, because the values she used in the calcillar,ions for
the difference between the real and apparent fleld are surriciently large in view of the
small dimenslon rat.ios.

0f the numerous measurements, we shall deal here only with those made on chromium
steel, since this materlal was consldered by Tschetwerlkowa as belng the most homogeneous.
The maximm susceptibility (K . = [0.476 + 0.00568 ] . B,. Ho) [8] of the chramium steel
is obtalned from the indicated values of the remanence Br. = 10, 8600 and the coerclve force
H = 47 as ’gn = about 10. The experimental values of the demagnetisation factor in the
range 0<p <af0 ought therefore to coincide with the theoretically found NK_, o Values
(cf., Table 4). Table 11 provides a ccmparlson between the calculated N = oo values and

the demagnetisation factor obtained from the ¥ = f(D) curve of Tschetwerikowa*. Taking

* Tschetwerikowa' s measurements extend to the reglon between Kmax and K = 0 ot the
ascending branch of the magnetlsation curve. According to the present author's
investigatlions (Arch. Elektrotechn. 30 (1938) 761) the so-called hysteresis of the
demagnetisation factor becomes smaller with decreasing X Gax For the present case
with Ko 2 10, 1t would be practlcally equal to zero, S0 that therefore the ¥ values
for the reglon above K nax {(of the ascending branch of the magnetisation curve) are
identical with the N values below Koaxt
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into conslderation the accuracy of reading limited by the curve representation, the good agreement
between theory and experiment is nocaworr.hy*. The greater deviation occurring for ) = 1 may
perhaps be explalned by the fact that the dimension ratlo of the specimen was not determined with
sufficlent accuracy. As follows from Figure 8b, due to the steep rise of the ¥ = f/p) curves n
the region P < 10, tne dimension ratlo P must be known all the more exactly the smalier D 1s, so
as to keep N error as low as possidle. Thus, for example, In the case P = I, the ¥ value varles
by 18% for an error of the dimension ratlo of only 2%

The measurements of Thompson and Moss {10]. who have also determined the baliistlc
demagnétlsation factor of cylindrical bars with dimenslon ratios down to D = about 0.3 will not be
digcussed here In detall, since these authors wrangly defined the demagnetisation factor [11].

Vi. THE IMPORTANCE OF THE BALLISTIC DEMAGNET|SATION
FACTOR OF CYLINDRICAL BARS FOR THE EVALUATION
OF MAGNET|C MEASUREMENTS

The object of the following statements 1s to point out the need for a knowledge of aeccurate
demagnetisation factors in practice, the errors oceurring through the use of inexact demagnetisatlion
factors and thelr influence on the evaluatlion of magnetic measurements being discussed in detail.
In magnetic measurements in t.he rree coll, the followingz equation 1s generally appllcable

H = H"’NJ = !{’_"4_"‘ [B""H]p esevos (27)
i

where ¥ 1s the demagnetisatlon factor, A’ the coil fleld, # the fleld In the specimen, oJ the
intensity of magietisation and B the induction. The determination of the true fleld # In the
specimen presgents a well-known difficulty. It now the demagnetisation factor N 1s known, then
1f the external field A' is glven, the true fleld # can be determined by shearing the B~ fl#')
curve using the Rayleigh me thod [12]

‘For subsequent considerations, the true fleld H 1s not as interesting as thg true
permeability u = B/, By division bty B squation (27) becames [13]

1
[.L = I—j-[;- ~1—:1 ’ essees (%)
w 4w I
1 .
or }J,' = — __._...__~~._ " ,  eesaes (2)

where ' = B/H' is the apparent permeability.

* The objection of Improbabillty made In a previous article by the present author (Arch.
Elektrotecin,, 33 (1937) 124) against the whole of Tschetwerlkowa's measurements on the
basis of the theoretlcal results then avallable can no longer be maintained in viewof
the present calculatlions, which have been made with greater accuracys. ' )

*ok Numerical equations are used in what follows. Cfs ETZ 5L (1930) 5865 53 (193} 114
and Standard specification Din 1313 . The numerical values of A, #', J and B are
referred to absolute electramagnetlic units.  As-dimensional equation, expression (27)
in accordance with the proposals of the Archiv f. Eletrotechnix will be

A
ioe - J1’V=H'-—N—[£—J ,
' C dTmuy b

where “O 15 the permeability of vacuum.
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It will readlily be seen fram equatiaon (28) that high accuracy in the calculation of
the u values 1s only to be expected 1f ' and N are known with sufficient accuracy. In the
converse case of the calculation of the apparent permeablility from the true permeablility
[equatton (20)], for high values of u' the value of 4 depends mainly upon N since there is
a sum instead of a difference in the numerator of equa tion (29). The accuracy of ,'.L' thus
depends only upon the accuracy with which ¥ is known.

These peints of view which hold generally for the demagnetisatlon factor are applled
in what follows to the speclal casé of the balllstic demagnetisation factor of cylindrical
bars.

With the ald of six graphical figures (10a to 10f) 1t will be shown for different
dimension ratios D and a number 01"/.1.’ values to what extent the magnitude of the true
permeablllty 1s affected by an error in the determination of N

The N error plotted as abscissae 1s here referred to the value obtalned for NK = ®
according to the formulae {4) and (15). It will be seen from Figures 10a to 10£* that 1n
the first place for a glven dimenslon ratio B, an N error affects the permeablllity u to a
greater extent, the greater is u's secondly the curves show that the p error diminishes with
increasing dimension ratlo D From Table 12, which shows these relations numerically, 1t
follows that 1o the determimation of u from w' and ¥, even small percentage errors of the
demagnetlsation factor may alter the N value by 80% or more. Figure 11 shows the percentage
i error for constant N error of 20% plotted against u' fa different dimension ratlos P
With decreasing u', the curves arproach the limit value u' = I for which the percentage i
error 1s equal to zero. It will be seen from the position of the curves that In partlcular
for a large value o:r Dy l.e. small N, the apparent permeability ,u' must be knowh with greater
accuracy, the smaller the inaceuracy of u has to be.

If in Flgure 11, for different u errors, sections are drawn parallel to the absclssa
axis, the curves shown In Figure 12 are obtalned. These curves, on a double 1agar1tmnic
scale, pass into parallel straight lines for D values greater than 30.  The apparent
permeability ,U.' has been plotted as ordinates. ' This mode Of representation 1s generally of
practical importance for maghetlc measurements on cylinders Inasmich as it enables the
nhecegsary dimension ratio P for determining the true permeability M to be read off if the
errors of N and p are given and the apparent permeability.p’ is measured.  For N errors
2 2% similar conditlons obtain. :

In amplificatlon of what has been sald, a paper by T. Nishina [14] will be discussed
as practlical example.

Nishina determined the permeability of a number of highly Deﬁneable materlals by the .
ballistic method. The dimension ratioc of his épecimens was 0 = 250, The demagnetlsatlon
factor pertalning to this value was given by him on the basls of his own measyrements as
N = 0.00075 [15]. Table 13 shows Nishina's values for the initial and maximum permeability
D‘A]I and [”'ma.x]I as well as the y,{,ﬁ and ﬂ‘hllax values of the unsheared curves calculated
according to equation (29) with the ders gnetisation factor ¥ = 0.00075, The present author
has shown elsewhere [16] that in the firsy placs the ballistic demagnetlisation factors
determined by Nishina are always below 'the values for NK= o calculated from equation (4)
according to Sthblein and Schlechtweg, and that secondiy the difference between the calculated
and experimentally determined ¥ values always increases with increasing P  In the present
case, with D = 250, the difference between the N values is almost 21% (N calculated = 0.000945
¥ measured = 0,00075). ' '

It we regard the theoretically found value as the more correct — a reference to possible
errors in Nishina's method of measurement 1s mede in the footnote below™ - the M values
obtained by him. by shearing with too small a demagnetisatlon factor are thus really higher,

* These curves may also be alplled to ellipsolds and cylindrléal bars of a different
susceptiblility, 1t being merely necessary to remember that In this case, the
demagnetisation factor must have a different dimension ratio.

ok The considemble deviations of Nishina's measured values may be due 1n the first place
to excesslvely long measuring colils (for the F-measurement) and also to the fact that
the induetlon distribution depends considerably upon the cross—-section variation and
the material in the case of thin wires; the specimens had & dlameter of 0.5 and 1 mm.
Demagnetlsation factors which are too small may also be due to the fact that the
dlameter of the coils used for the H-determination is too large compared with the
dlameter of the specimen [see in this connectlon E. Dussler: Ann. Phys., 88 (1928) 66].
It 15 not certain from Nishina's statements whether these conditions obtalned in his case.
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Table 13 shows the true permeadilitles [p] 1 @9 (way]yp for the demagnetisation tactor

V¢ o o= 0.000945, as calculated by means of equation (28) using the ,LLA and /“‘m valies.

The last two columis of Table 13 ccncam the percentage dlfferences (referred to the values
provided with the index II) of iy and Mpaxe 1T Will clearly be seen that the ¥ error,
particularly for high ,u. values 1s very appreclable — a variation of the true permeadility of
over 60% - whilst in the case of Super-Perminvar, with 1ts low values of apparent permeabllity,
the N error has no effect. This example clearly shows the importance of an accurate
demagnetisation factor for the evaluation of magnetlc measurements.

SUMMARY

1. The ballistic demagnetisation factors of cylindrical bars for the two 1imit susceptibilitles
K =0 and K = © and for dimension ratios O € P § 100 using the demagpetisation factor of
ellipsolds Nell are caleulated by means of an approximation method ensuring a greater
accuracy compared with the authorts earller theoretical Investigatlons.

- The extension of the problem to the demagnetisatlion factors for susceptibilitles
0 < K < ® and aimension ratios P 2 10 ied to the following results:

(a) The balllstlic demagnetlsation factor of ¢ylindrical bars for the susceptibility
« = 1 and dimension rattos 0 & P € 100 may be represented 1n a slmple form as &
a function of the dimension ratio P and the demagnetisation factor of ellipsolds.

(b) e ballistlc demagnetisation factor for susceptidilities I < K< 10 and dimension
ratios O £ P § 10 can be represented, as a first approximation, as a function of
the dimension ratio and the demagnetisation factor of ellipsoids.

(¢) A grephlcal method 1s givén for determlning the ballistic demagnetisatlion factor
for susceptibilities O < K< I and dimension ratlos D § 10 :

3 A comparlson made for the case K= 10 ana P = 10 between calculated N values and
demagnetisatlon factors determined experimentally by M.M. Tschetwerikowa glves good
agreement.

4 The importance of balllstlc demagnetisatlon factors of cylindrical bars for the evalwuation

of magnetic measurements is discussed with reference to a serles of curves and toa
practical example. '
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TABLE 1
W e - o Yo | Fenr
p ACCCRDING TO ACCORDING TO P o fe. o + DEVIATION %
EQUATIN (8) EQUATION (2) - ACCORDING
TO EQUAT-
T0N {10} i
10 042549 0.0628 4.08 4.06 0.0
20 0.0847 0,0167 5440 5,83 1.30
20 0,0433 0.0008699 821 8.13 1,29
40 0.0266 0.00393 6476 6.74 0,20
50 0.,0181 0,00251 7.22 7420 0.28
60 0.0132 0. 00175 7.56 7.59 0.40
70 0.0101 0. 00128 7.0 7,91 0.13
80 0, 00801 0.000982 8.15 8.82 0.86
P 0,008651 0. 000778 8439 8,46 0.84
100 0. 00541 0.000628 8,80 860 0.00
Mean Q.54
TABLE 2
o | o | 2 | o [ e | | | e [ X
ell NK = K=0 4 | ell N 4
0 o | K )
ACCORDING | ACCORDING | ACCORDING i ACCORDING | ACCORDTNG | ACCORDING
TO EQUAT~ | TO EQUAT- | TO EQUAT- ; 70 EQUAT- | TO EQUAT= | TO EQUAT=
10N (6) TON (10) | ION (11) ! N (7) ION {10) | IoN (11)
1 44189 1.57 2.67 0.213 o1 | 10.81 1,06 10,18 G810
2 2,182 2.02 1.08 0.0860 || 0.2 9, 43 1,13 8.36 0.666
3 1,368 2.40 0.570 | 0,0454 [| 0.3 8431 1.19 7.01 0,559
4 0,048 2,73 0.347 | 0.0276 || 0s4 7,39 1.26 5404 0:473
5 0.702 3.01 0.233 10,0185 || 0.5 6463 1.30 5.10 0. 406
6 0,543 .27 0.186 | 0.0132 | 0.8 5,98 1,36 4.41 0.352
7 0,435 3.49 04125 |[0,00908 || 0.7 5,43 .41 3,84 0.206
8 04357 3,70 0.0966 | 0.00770 || 0.8 4,98 1.47 3.39 0,270
9 0.299 3.89 0,0770 | 0.C0614 || 0.8 4,55 1.52 3,00 0.239
10 0.255 4,08 0.0628 | 0. 00500 || 1.0 4,19 1,57 2.67 0,215
TABLE 3
v (
P Vi = Ve o 0 ZK”O %K’m +DEVIATION %
K=0 K= 0
ACCORDING TO | ACCORDING TO ACCCRDING TO
EQUATION (3) EQUATION (2) EQUATION (13}
10 0.190 0.0626 3,03 3,05 0.0
20 0.0651 0.0157 4,15 4,10 1.20
30 0, 0542 0.00698 4.0 4,83 1.43
40 0.0214 0. 00393 5.45 5,39 1.10
50 0,0148 0. 02 51 5. 88 5485 0.51
€0 0.0109 0,00175 6,20 8.21 0.18
! 0. 00840 0.00128 656 8455 0.1 5
o) 0.00870 0, 000682 6,84 6.81 0.44
50 0. 00646 0. 000776 7,04 7,08 0.57
100 0. 00460 0. 000628 7.32 7432 0,00
Mean 0.48
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TABLE 4
Ve. o N ; U e L o ’ y
P e |l e | 22 e 2o o
LA 4 Tl ko Nie . o 4 T g0
ACCORDING { ACCORDING ACCRDING ACCCRDING
T0 EQUAT | TO EQUAT- TO EQUAT~ TO EQUAT-
ION (13) ION (15) ION (13) ION (18)
1 1.3 3447 0.276 Oe1 1.03 10.50 0.837
2 1.57 1.70 0,135 0.2 1.08 8. 90 0,710
3 1.81 1.03 0.,0820 0.3 1.09 7.66 0.611
4 2402 0,704 0. 0580 04 1,13 . 8.69 0. 332
5 223 0e 520 0.0415 05 1.18 590 0. 470
8 241 0.400 0. B 18 0.6 1.19 | Be23 0.418
7 2.58 0.322 0. 256 0.7 1.22 4.88 0,372
8 2474 0.264 0.,0210 0. 8 1.24 4.22 0.336
9 2.89 0.222 0.0177 0.9 1,27 3.82 0:304
10 3403 Q180 0.0151 1.0 1.30 B.47 0278
TABLE &
| Feaw | Moo |
) Ve e w 1P P e ] + IEVIATION
ACCORDING TO ACCORDING TO EQUATION ACCORDING TO %
EQUATION (3) (4) OR GRAPHICALLY EQUATION (18)
DETERM INE D
10 04190 0,130 1.46 1.49 2.02
20 0.0651 0. (338 1,93 1.97 2.03
b o] 00342 0.,0137 2450 i2e48 1.83
50 0. 0148 0. 00411 360 3443 44,95
& 0. 00870 0, 0137 4,88 4,88 0.00
100 0. (0460 0. 000800 5.75 B« B85 T 1,71
* The mean deviation from the numerlcal values calculated strictly according
to equation (4) 1s less than 3% ‘
TABLE 6
- - T .y [
i ¥e.w TN | Yoo o ¥
ol —— ‘VK =1 [—_‘} yol — NK =1 ——]
NK,=1 4'TTK=1 NK;l 471,&1
ACCORDING ACCORDING ACCORDING ‘ACCORDING
TO EQUAT- TO EQUAT- TO EQUAT- TO EQUAT-
ION (18) ION (17) ION (16) CION (17)
1 14049 3e32 0,264 0.1 1,005 10.45 0,831
2 1.097 1.55 0,124 0.2 1.010 8. 85 0.705
3 1,146 0. 900 0., 0718 0.3 1,015 7455 0.601
4 1,194 0. 590 040470 (O3 1.019 64 57 0. 24
5 1.243 0. 418 0. 0333 0. 5 .24 5476 0. 460
8 1.291 0,310 0. 47 0.6 1,029 5410 0,406
7 1.340 0,241 O« 0192_ a7 1.034 4. 51 0.359
8 1.388 04190 0,0151 0.8 1,039 4. 06 0. 324
9 1. 436 0, 1565 0.0123 0.9 1.044 3.66 0.292
10 1,485 0,128 0.0102 1.0 1.049 3.32 0.284
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N, CALCULATED ACCORDING TO BQUATION (4) Mo | Voo | Vg | Vg | Nieoo
OR DETER{INED GRAPHICALLY
i N&j_.s N&z NKtB NK=6 NN"IO
N'K=1-5 Nk=2 NK=3 NK:G NK=1O
04149 0.160 0.170 0,179 0.182 1.8 1,19 1.12 1,08 1,045

0.0413 | 0. 0470 | 0,0525 0.0566 | 0.583 1.58 1.39 1.24 1.15 1,10
0,0177 | 0.0208 | Q.0239 0.268 | 0.0288 1.83 1.66 1.43 1.28 1.10

0.C0930 | 0,0109 | 0,0130 | 0. 0148 | 0.0162 | 2.30 1.98 1.65 1,45 1.32
- 0.,00850 | 000780 | 0.00910 | 0,0100 | = 2.28 1.90 1.63 1.47
TABLE 8

iv.&ﬁ’_ ey 5 I_Z}!—J ﬁ’.‘fﬁ’ Ve ...‘X_] Eﬁ‘_’i, Femso E:l
Fers . mreLs| Ne o s 4 lkes | Meero L4 T 4gp
ACCORDING ] ACCORDING ACCORTIN G | ACCORDING; ACCORDING |ACCORDING
T FIG5 |T0 EQUAT= TO FIG.S | TO EQUAT- TC FIG 5 {TO EQUAT-
IoN (21) 1N (21)  |1ow (29) B
1 1.028 3. 380 0.269 1.013 3.425 0.273 1.005 3e480 0.275
2 1,056 1.610 0. 128 1,025 1. 660 0.132 1,008 1.890 0,135
4 1.113 0.630 | 0.0802 1.048 0.672 | 0,0535 | 1,018 0.693 0. 0552
] 1,168 0u343 0.0273 1.073 0373 s 297 1.025 0,391 0.0381
8 1,225 0.246 0.0172 1,095 0.241 0,0192 1,035 0, 256 0. 0204
1,280 0,149 0, 0119 1. 120 0.170 0.0135 1.045 0.182 0, 0145

T N i v v ¥
I N EN N NE
0l 4w #0,1 205 4o, 05 L4 Ke0,5 =07 b m K07

3.05 0.243 L 310 0,247 3.16 0.252 3.0 0.262

1
2 | 1.25 0.0005 | 1.7 0,107 1.45 | 0.115 1.50 | 0.120
4 | 039 0.0310 045 0.0358 0,50 | 0.03098 0.55 | 0.0438
8 | 0.19 0,0151 0.22 0.0175 0.26 | 0.0199 0.28 | 0.0223
8 | 0,10 0.00795 0.13 0.0104 0.5 | 0.0119 0.17 | 0.0135

110 | 0.084 | 0,00510 0,080 | 0.00836 0,095 | 0,007%6 | 0.11 | 0.00875

TABLE 10

+ IEVIATION FOR Herr ¢ DEVIATION FOR LLST:)
Kz O K= 0

P OLD METHOD |  NEW METHOD OLD METHOD NEW METHOD

[Eq. (28)] (Ea. (10)] [ke. (26)] (e (13)]

10 4,67 0.00 2.97 0400
20 2.04 1.3 2.17 1.2
20 3,06 1.29 3.45 1.43
0 2.52 0.30 3.48 1.10
50 1,94 0,28 1270 0.51
60 0486 0,40 0,00 ‘ 0.18
o 0.25 0,15 0,15 0.15
®0 1.10 0,86 1,03 0.44
90 1.79 0.84 2.56 0.57
100 2.9 0.00 2.75 0,00
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TABLE 11 |
. N FOR CHROMIUM STEEL | DEVIATION (REFERFED
Vs 0 ACCORDING TO TO CALCULATED VALUE)
P | ACCORDING TO EQ. (15) M.M. TSCHETWERIKOWA | IN ROUND FIGURES %
i 1 3 .47 2.0 - 16
2 1.70 1.65 -3
3 1.03 1.05 +2
4 0,70 0.72 +3
. 5 0.52 0.51 -2
6 0.40 0.78 -5
7 0,32 0.31 -3
8 0.2 0.25 -2
9 0.22 0.22 0
10 0.19 0.19 a
TABLE 12
i ERROR %
¥ wh=10 w! = 100 w' = 1000 w!' = 10000
ERROR p= D= D= p=
B 5 | 10 50|1oo§25055w 5 llO 50 100;‘250[500 5} 10]50 100§ 250 {500 55 10,50]100 250 ;500
5 3.5 1 uo 0.5 o.slk m KERROR  [3.5(0.56|% | 10[1.5
10 6.5/1.5 | 44 ERROR LESS | ERROR |1 (0.5 ERROR | GREATER |6 (1 |34 ERROR GREATER | 10|3
D 16 4.5 THAN 1% GREATER |3 |1 | LESS THAN 16 18 |yl THAN 60% 44{18
& |25 |7.5 THAN |5 |2 | AN 60% 24 |4 |EF 8|12
60% 1% 1
TABLE 13
PERMEABILITY : AFPARENT i PERMEABILITY 1 DEVIATICN %
ACCORDING TO PERMEABILITY CALCULATED ; i
* MATERIAL NISHINA WITH CALCULATED accoromie | 0 im0 r o Bhae) 11 Unadr
N = 0.00075 ACCORDING TO EQ. (28) WITH () 1y (nax) 17
EQ.(29) WITH N = 0.,000945
. ¥ = 0,00075
1 !
(g (knax) I H4 Hiax (g1 | g II e
Super-Permalloy 1 | 13000 44000 7300 12100 16100 131500 | ' 19.3 6645
Super-Permalloy 2 | 12800 40000 7250 11800 | 15000 100000 19.5 60
Super-Permalloy 3 | 15700 39500 8100 11700 20600 95400 2.8 58,5
Super~Perminvar 83.5 560 6343 540 63,8 565 0u5 0.9

3
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